Abstract: Background: The aim of this study was to evaluate the associations between alanine aminotransferase (ALT) and aspartate aminotransferase (AST) with metabolic syndrome (MetS) in the general Chinese population. Methods: This study was a multicenter, cross-sectional study which was conducted in rural areas of China from the 2012 to 2013 Northeast China Rural Cardiovascular Health Study (NCRCHS), and 11,573 adults with complete data were included in our final analysis. Elevated ALT and AST levels were defined as >40 U/L. Serum ALT and AST levels within the reference range were divided into quartiles, and their associations with MetS were evaluated by logistic regressions. Results: A total of 7.4% and 3.5% participants had elevated serum ALT and AST levels, respectively. The prevalence of MetS was 37.3% in males and 45.8% in females. After adjusting for potential confounders, we found ALT level elevation, even within the reference range, was independently associated with MetS. The odds ratio (OR) values of MetS in the ALT quartiles 2-4 groups within the reference range were 1.113 (95% CI: 1.019-1.280), 1.375 (95% CI: 1.212-1.560), 1.878 (95% CI: 1.650-2.138) compared with the ALT quartile 1 group, and OR in the elevated ALT group was 3.020 (95% CI: 2.496-3.653). Positive relationship for MetS was also observed in elevated AST group (OR: 1.689, 95% CI: 1.314-2.171), but within the reference range, the AST level was not associated with MetS. Conclusions: Serum ALT level, even within the reference range, was significantly associated with MetS. However, only elevated AST levels above 40 U/L was positively associated with MetS. Within the reference range, we did not find a relationship between AST levels and MetS.
Introduction
Metabolic syndrome (MetS) is a cluster of disorders, including abdominal obesity, elevated blood pressure, elevated blood glucose, hypertriglyceridemia, and reduced high-density lipoprotein cholesterol (HDL-C) [1] . MetS is recognized to be strongly associated with type 2 diabetes mellitus [2, 3] and cardiovascular diseases (CVD) [4, 5] . As CVD is one of the major causes of death throughout the world, it has been a public health issue for early detection and early countermeasures against MetS, which can prevent the progression of CVD.
Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are the common liver enzymes of liver function tests and well-known markers of liver damage [6] . Among the liver enzymes, ALT is the most specific marker of liver function and is used as an indirect marker of liver inflammation or injury, but AST is the less specific marker because it also exists in other tissues [7] . It is reported that elevated ALT is closely associated with liver fat accumulation [8] and is considered
Data Collection
Data were collected during a single clinic visit by cardiologists and trained nurses using a standard questionnaire by face-to-face interviews. Before the survey was performed, we invited all eligible investigators to attend the organized training. The training contents included the purpose of this study, how to administer the questionnaire, the standard method of measurement, the importance of standardization, and the study procedures. A strict test was evaluated after this training; only those who scored perfectly on the test could become investigators. During data collection, our inspectors had further instructions and support.
Data on demographic characteristics, lifestyle risk factors, and medical history, were obtained by interview with a standardized questionnaire. The questionnaire was designed by statistical experts and clinical specialists. There was a central steering committee with a subcommittee for quality control. The project management office of Liaoning Province will randomly check 5% of the questionnaires, the unqualified questionnaires will be re-investigated again, and if the investigator made the unqualified questionnaire, we will cancel the qualification of this investigator and abandon all of his or her questionnaires. Educational level was divided into primary school or below, middle school, and high school or above. Smoking and alcohol status were assessed by two types of questions, "Have you ever smoked at least one cigarette per day for over six months/Have you ever taken alcohol at least twice a week for over a year?" and "Do you smoke/take alcohol now?" Respondents were defined as current smokers/drinkers (those who answered YES to both questions), former smokers/drinkers (those who answered YES to the first question and NO to the second one), and never smokers/drinkers (those who answered NO to both questions). Physical activity included occupational and leisure-time physical activity. Occupational and leisure-time physical activity were merged and regrouped into the following three categories: (1) low-subjects who reported light levels of both occupational and leisure-time physical activity; (2) moderate-subjects who reported moderate or high levels of either occupational or leisure-time physical activity; and (3) high-subjects who reported a moderate or high level of both occupational and leisure-time physical activity. Family income was classified as ď5000, 5000-20,000, and >20,000 CNY/year.
Blood Pressure Measurements
According to American Heart Association protocol, blood pressure was measured three times in a sitting position at 2 min intervals after at least 5 min of rest in a quiet room with the use of an automatic electronic sphygmomanometer (HEM-741C; Omron, Tokyo, Japan). Two doctors checked the calibration of the Omron device using a standard mercury sphygmomanometer every month under the British Hypertension Society protocol [21] . The mean of three BP measurements was taken and used in all analyses.
Anthropometric Measurements
Waist circumference (WC) was measured at the minimum circumference between iliac crest and the rib cage in the standing position at the end of normal expiration using a non-elastic tape. The body mass index (BMI) was calculated using the formula weight (kg)/height 2 (m 2 ).
Biochemical Measurements
Fasting (12 h overnight) blood samples were collected by venepuncture in EDTA tubes. Plasma was subsequently separated and frozen at´20˝C within 1 h for testing at a central, certified laboratory after collection. Fasting plasma glucose (FPG), plasma total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), serum ALT, AST, and other biochemical parameters were analyzed enzymatically on an Olympus AU640 auto analyzer (Olympus, Kobe, Japan). All laboratory equipment was calibrated and blinded duplicate samples were used.
Elevated Liver Enzymes Definition
Elevated serum ALT or AST level was defined as greater than 40 U/L.
Metabolic Syndrome Criteria
Metabolic syndrome was determined according to the unified criteria published in 2009 [22] . Abdominal obesity was defined as elevated WC: ě85 cm (male), ě80 cm (female). Elevated TG: ě150 mg/dL (1.7 mmol/L). Reduced HDL-C: <40 mg/dL or 1.0 mmol/L (male), <50 mg/dL or 1.3 mmol/L (female). SBP ě130 mmHg, DBP ě85 mmHg, or taking antihypertensive agents, were defined as hypertension. FPG of 5.6 mmol/L or higher or taking antidiabetic agents were defined as hyperglycemia.
Statistical Analysis
Continuous variables were expressed as mean values and standard deviation (SD), whereas categorical variables were described as frequencies and percentages. Since data were normally distributed, continuous variables were compared between normal ALT and elevated ALT group by using analysis of variance (ANOVA) test. χ 2 -test analyses were used to examine associations between the categorical variables. Quartiles of ALT and AST were created. Logistic regression was used to estimate the odds ratios (ORs) and 95% CIs for MetS after adjustment for age, race, BMI, and lifestyle factors (smoking, drinking, family income, education, and physical activity). Serum ALT and AST levels within the reference range were divided into quartiles so that the numbers of subjects in the four categories were almost equal, and the lowest category was set as reference. A Pearson's correlation analysis was used to evaluate independent associations between liver enzyme levels and components of Mets. The thresholds for liver enzyme levels were generated by ROC analysis. All statistical analyses were performed using SPSS version 19.0 software (SPSS Inc., Chicago, IL, USA), and p < 0.05 indicated statistical significance.
Results
Comparisons of characteristics between subjects with and without MetS were shown in Table 1 . A total of 11,573 adults (5357 men and 6216 women) aged ě35 years were included in the study. The prevalence of MetS was 41.9% in general population (37.3% for men and 45.8% for women, separately). Subjects with MetS had statistically significant higher values of SBP, DBP, WC, BMI, TC, TG, LDL-C, FPG, but lower value of HDL-C compared to subjects without MetS (p < 0.001). As shown in Figure 1 , participants with elevated ALT or AST had statistically significant higher prevalence of MetS compared to the participants with normal liver enzyme levels (p < 0.001). Subjects in the highest ALT or AST group were more likely to be men, current smokers and drinkers, had higher blood pressure, WC and BMI, had higher TC, TG, LDL-C, FPG, and higher prevalence of MetS, but had lower HDL-C level than those of subjects in the lowest ALT or AST quartile group. Subjects in the highest ALT or AST group were more likely to be men, current smokers and drinkers, had higher blood pressure, WC and BMI, had higher TC, TG, LDL-C, FPG, and higher prevalence of MetS, but had lower HDL-C level than those of subjects in the lowest ALT or AST quartile group. Figure 2 presented the multiple logistic regression analysis for MetS. The adjusted odds ratios for having MetS, for ALT and AST separately, in the five groups, were depicted in Figure 2 . After adjustment for age, sex, race, smoking status, alcohol intake, education degree, physical activity, family income, BMI, and history of CVD, we found that both elevated ALT and elevated AST were associated with higher prevalence of MetS (OR 3.020, 95% CI: 2.496-3.653 for elevated ALT; OR 1.689, 95% CI: 1.314-2.171 for elevated AST). Subjects with elevated liver enzymes tended to exhibit a higher likelihood of having MetS. Even within the reference range, subjects with the highest ALT quartile had a 1.878-times higher risk of MetS than those with the lowest ALT quartile (p < 0.001). While in the normal AST level, we did not find a statistically significant relationship between AST level and MetS. Table 5 showed the Pearson's correlation coefficients between the liver enzyme levels and other metabolic variables after adjusted for age and sex. The ALT level was positively correlated with the following factors: BMI, WC, SBP, DBP, TG, and FPG; negative correlation was observed for HDL-C. Similarly, the AST level was positively correlated with all the variables listed above, except for HDL-C and FPG. In addition, we drew the ROC curve according to serum liver enzyme levels and prevalence of MetS. Serum liver enzyme levels when the sum of sensitivity and specificity reached the maximum value was regarded as the optimal cutoff value. The optimal cutoff value of ALT and AST levels were Table 5 showed the Pearson's correlation coefficients between the liver enzyme levels and other metabolic variables after adjusted for age and sex. The ALT level was positively correlated with the following factors: BMI, WC, SBP, DBP, TG, and FPG; negative correlation was observed for HDL-C. Similarly, the AST level was positively correlated with all the variables listed above, except for HDL-C and FPG. In addition, we drew the ROC curve according to serum liver enzyme levels and prevalence of MetS. Serum liver enzyme levels when the sum of sensitivity and specificity reached the maximum value was regarded as the optimal cutoff value. The optimal cutoff value of ALT and AST levels were 20.1 U/L and 24.0 U/L, respectively. The sensitivity for diagnosis of MetS, respectively, was 76.8% for ALT and 69.4% for AST, and the specificity, respectively, was 81.4% for ALT and 70.0% for AST.
Discussion
In this sample of Chinese adults, we investigated independent associations of serum ALT and AST elevation, even within the reference range, with the prevalence of MetS. Our findings showed that participants with higher ALT or AST level were more likely to be obese, have higher blood pressure, TC, TG, LDL-C, FPG level, and have lower HDL-C levels. Subjects had increased prevalence of MetS from the lowest ALT or AST quartile group to the highest quartile group.
Recent epidemiologic studies have reported associations between elevated serum levels of liver enzymes and increased cardiovascular risk. Elevated ALT and gamma-glutamyl transferase (GGT) have been shown to predict CVD in prospective studies [23] [24] [25] . MetS was suggested to be a risk factor for CVD, and the prevalence had been increasing in developing countries. So the relationships between serum liver enzymes and MetS have drawn significant attention in recent years. We found that elevated serum ALT and AST were significantly associated with increased prevalence of MetS in this Chinese population. Regarding analysis for values above the reference, the associations between elevated ALT or AST and prevalence of MetS had been observed in several different populations, including elderly males [26] , obese adults [27] , postmenopausal women [28] , and even adolescents [29] . Kim HC et al. found that the serum ALT level was significantly related to MetS in men but not in women [30] . Previous studies also reported ALT elevation increased the risk for non-hepatic diseases including diabetes mellitus type 2, MetS, CVD, and malignancies [31, 32] . Although similar findings have already been reported in middle-aged, urban Chinese men [33] , we showed a significant association between elevated liver enzyme levels and MetS in a large-scale general population in China. Among hepatic enzymes, ALT is considered to be the most specific indicator of hepatic diseases and most closely related to liver fat accumulation [34] . In our study, the positive relationship of elevated ALT with MetS was stronger than that of elevated AST. Our data showed that subjects with elevated ALT level had 3.0-fold increased risk of MetS than partners with the lowest ALT quartile group whereas 1.7-folds in elevated AST level. This can be explained by higher specificity of ALT to liver disease. Furthermore, another more important finding of this study was that a statistically significant relationship was observed between serum ALT levels within the normal range and MetS in a level-related manner. These results were in agreement with two Japanese studies [35, 36] and a Korean study [37] , which found that risk of MetS increased with elevation in serum ALT level within normal range. Previous studies did not evaluate the association between AST levels within the reference range and MetS, but our results indicated that no statistically significant relationship existed with prevalence of MetS and ALT level within normal range.
The most probable explanation for our results of relationship between serum liver enzyme levels and prevalence of MetS is NAFLD. It has been reported that, clinically, the most common etiology of elevated ALT levels is NAFLD [10, 38] . NAFLD is a probable explanation for abnormal liver enzyme levels and a cause of asymptomatic elevation of ALT levels [39] . NAFLD is considered to be associated with metabolic disorders, including obesity, hypertension, hyperglycemia, and dyslipidemia, which are components of the MetS [40, 41] . Therefore, this supports the notion that NAFLD is considered a hepatic manifestation of MetS [42] .
In our study, the optimal cutoff values of serum ALT and AST concentration was 20.1 U/L and 24.0 U/L, separately. The routine screening of liver enzymes and updated cutoff levels of ALT and AST could help early detection of MetS and to arrest the progress of disease. However, more prospective studies are needed to identify the optimal cutoff values of liver enzymes for Chinese people.
Study strengths and limitations: the strengths of this study are its population-based design, large sample size, and the first evaluation of the associations of ALT, AST levels with MetS, both within the normal range and elevated liver enzyme values in the general Chinese population. Several limitations in this study need to be acknowledged. First, because of its cross-sectional design, we were unable to determine whether or not there was a causal association. Thus, the obtained associations in this study should be considered with caution. Second, there are known causes of elevated liver enzyme levels that were not tested in our study, such as chronic viral hepatitis and other illnesses, and the possibility still exists that unmeasured confounders may explain part of the association.
Conclusions
In summary, these representative data of the Chinese general population suggested that elevated levels of ALT and AST, were independently associated with an increased prevalence of MetS. Moreover, elevated ALT level was more closely associated with MetS than elevated AST levels. In addition to that, only ALT level within reference range had significant relationship with the MetS while AST within normal range was not associated with MetS. However, further epidemiologic investigations using longitudinal designs are necessary to understand associations between serum ALT or AST levels and MetS.
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